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ABSTRACT 

Irontoxicity is a wide spread nutrient disorder in the rice especially underrice-rice cropping system. The toxicity 
of iron is associated with reduced soil aeration due to submergence or flooded soils. It is caused by the high concentration 
of iron as Fe 2 * in soil and it causes brown mottling symptom on leaves which spread down wards from the tip of the older 
leaves followed by the drying of entire leaves. An incubation experiment was conducted at Rice research station, 
Ambasamudram during Kar, 2018 to assess intensity of toxicity at different concentration of the ironic solution (0, 5, 10, 
25, 50, 100, 250, 500 mg L' 1 ) on four popularrice cultivars viz., ASD 16, ADT 45, ADT 39, TPS 5. The intensity of toxicity 
produced by various iron concentration levels were measured between active tillering and panicle initiation stage of the 
crop by following standard visual bronzing score developed by IRRI. The biometric characters such as plant height, 
specific leaf area (SLA), No. Of tillers/hill at 30 th , 60 ,h dayaftertransplantingwererecorded. The iron toxic symptom of 
bronzing was observed more under ASD 16 followed by ADT 45, ADT 39 and TPS 5. As the concentration of iron 
increases the plant height, specific leaf area and No. Of tillers/hill and biomass production were decreased. However, a 
rice grown at the iron concentration at 250 and 500 mg L' 1 greatly reduced the growth and yield attributes viz tiller count, 
biomass production and Specific leaf area during 30 11 ' and 60 th daysaftertransplanting. 
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INTRODUCTION 

Iron (Fe) toxicity is a major nutritional disorder in rice and affects yield and production in both rain fed and 
irrigated low land, especially in acidsoils. The cultivated area of low land rice is estimated to be around 128 million 
hectares of both irrigated and rainfedlowland (Maclean et al., 2002). Fe toxicity reduces rice yields by 12- 49 % 
depending on the tolerance of the rice cultivar, intensity of the stress, and soilfertility (Sahrawat, 2004). Complete 
crop failure can also occurunder severe Fe toxicity, especially at the seedling and early vegetative stages (Sahrawat, 
2004; Becker and Asch, 2005). The toxicity of iron is associated with reduced soil aeration due to submergence or 
flooded soils. The occurrence of irontoxicity is due to various factors such as high iron content in soil and low pH, 
high rainfall and low CEC. Under water logged condition, the soil undergoes reduction which reduces iron from 
Fe 3+ to Fe 2+ form, which is more soluble and concentration of Fe 2+ in water logged rice soils become high and toxic 
to rice plants. The symptom is characterized by “bronzing” or “brown mottled” appears on older leaves followed by 
drying of entire leaves and entire plants under highertoxic level (Howeler, 1973). Therefore, the objective of this 
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study is to assess the intensity of toxicity of differentiron concentration levels on bronzing symptoms, plant height. No. of 
tillers/hill, specific leaf area and biomass production of ricecrop. Asch et al ., 2005 had developed a mechanistic screening 
method (early vegetative stage) that allows the investigation of actual tol erance mechanisms which have been used in this 
study. 

MATERIALS AND METHODS 

Experiment was conducted in a greenhouse at the Rice Research Station, Ambasamu dram during Kar, 2018. The 
design followed was a split plot with two replicates. The factors were four rice cultivars (ASD 16, ADT 45, ADT 39 and 
TPS 5) as main factor and eight Fe 2+ levels (0 (control), 5, 10, 25, 50, 100, 250 and 500 mg L" 1 ) as sub plots. Nine kg of soil 
was weighed and placed in 10-Liter pots and were thoroughly mixed with a basal fertilizer application. The soil at the site 
had pH of 5.1, Organic carbon content of 0.65 %; Bray P of 14.2 kg" 1 ha; Potassium of 102 kg" 1 ha; exchangeable Ca and 
Mg of 8.4 and 7.6 ppm; DTPA Fe of 316 ppm; with sandy clay loam in texture. 

Plant samples with different degrees of bronzing were scored usingVisually bronzing score (VBS), using a scale 
of 1-9 (Table 1) based on the IRRI standard evaluation systems for rice (IRRI, 1988). A score of 1 indicated normal growth 
and tillering and 9 indicated on almost all plants were dying. At each sampling, leaves were scored for Fe-toxicity 
symptoms. The above ground biomass (leaf and stem separately) and root were harvested to determine dry matter 
accumulation. Air dried samples were oven-dried at 70°C (48 hours) to constant weight. The biometric parameters 
plant height, Specific leaf area (SLA), No. of tillers/hill and biomass production were recorded at 30 th 
60 lh daysaftertransplanting. The data were Statistically scrutinized by following standard computer tool (Pangae 
Sukhatme, 1954). 

Table 1: Score of the Leaf by Iron Toxicity Symptoms 


Percentage Leaf 
Area Affected 

Score 

0 

0 

1-9 

1 

10-29 

3 

30-49 

5 

50-69 

7 

70-89 

9 

90-100 

10 (deadleaf) 


RESULTS AND DISCUSSIONS 

Visual Bronzing Symptoms 

Visual bronzing symptoms were normally expressed as tiny brown spots on the lower leaves starting from the tip 
and drying downwards. The visual bronzing score was significantly influenced by both rice varieties and iron 
concentrations. In general, the Visual bronzing symptoms of all varieties ranged from 1 to 2 and 2 to 4 during vegetative 
and reproductive stages of rice respectively and the intensity of score (Table 2) increased with increase in iron 
concentration in both vegetative and reproductive stages. Abifarin, (1988) and Fageria and Rabelo, (1987) reported that 
visual bronzing scores (or brown spots) of rice cultivars vary with cultivars. 

All the rice varieties expressed mean score of 2 during vegetative stages and the mean score was ranged from 2-4 
for the rice variety at reproductive stage of the crop. This clearly indicates that the irontoxicity was expressed mostly 
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during reproductive stage than vegetative stage. Among the rice varieties ASD 16 was most affected by irontoxicity 
followed by ADT 45, ADT 39 and TPS 5 especially at reproductive stage of the crop. This indicates the susceptibility of 
ASD 16 and other varieties are moderately resistant to iron toxicity. With respect to iron concentration, the VBS 
significantly increased with increasing iron concentration in irrigation water (Figurel and 2) and had strong correlation R 2 
value of 0.974 and 0.968 on 30 th and 60 th DAT respectively. The higher concentration of 250 and 500 mg L' 1 of iron 
produced more toxicity on rice foliage in the both vegetative and reproductive stage of the crop. 


Table 2: Visual Bronzing Score of Rice Cultivars at the different Iron Concentration 


Fe 2+ 

Concentration 
(mg L' 1 ) in 
Irrigation Water 

30 DAT 

Mean 

60 DAT 

Mean 

ASD 

16 

ADT 

45 

ADT 

39 

TPS 

5 

ASD 16 

ADT 

45 

ADT 

39 

TPS 

5 

0 (Control) 

1 

0 

1 

1 

1 

2 

1 

1 

1 

1 

5 

2 

1 

1 

1 

1 

2 

1 

1 

2 

2 

10 

3 

1 

2 

1 

2 

3 

1 

2 

2 

2 

25 

2 

2 

1 

1 

2 

3 

2 

2 

2 

2 

50 

2 

1 

3 

2 

2 

3 

2 

2 

3 

3 

100 

3 

3 

2 

2 

3 

4 

2 

2 

3 

3 

250 

3 

2 

2 

3 

3 

5 

2 

3 

3 

3 

500 

3 

2 

3 

3 

3 

6 

3 

3 

4 

4 

Mean 

2 

2 

2 

2 


4 

3 

2 

2 


CD (0.05) 

0.4 


0.2 



Figure 1: Visual Bronzing Score at 30 th DAT Figure 2: Visual Bronzing Score at 60 th DAT 


Biometric Parameter 

The biometric parameters such as plant height. No. of productive tillers, specific leaf area and biomass production 
were significantly influenced by both rice varieties and iron concentration in irrigation water at 30 and 60 day safter trans 
planting (Table 3). Among the rice varieties, the ASD 16 was taller (30.5 cm) and produced comparable tillers during early 
stages i.e., at 30 DAT and were on par with ADT 39 and ADT 45 where as the specific leaf area and Biomass production 
was higher in TPS 5 and ADT 39 in both the stages of crop. The variety TPS 5 and ADT 39 registered the more surface 
area of 28.8 m 2 and 7.29 m 2 at 30 th and 60 th DAT which showed medium to lerance to Fe toxicity. The significantly higher 
biomass of 3.29 and 9.52 g/plant was registered by ADT 39 at 30 th and 60 th DAT respectively. This clearly indicated that 
all the varieties except ADT 39 were affected by Fe toxicity. 
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Table 3: Biometric Parameters of Rice as Influenced by Rice varieties 
and Fe Concentration at 30 th and 60 th DAT. 


Treatments 

Plant 

Height 

(cm) 

No. of 
tillers/ 
Hill 

SLA 

(cm/g) 

Biomass 
Production at 
30 th day 
(g/Hill) 

Plant 

Height 

(cm) 

No. of 
tillers/Hill 

SLA 

(cm/g) 

Biomass 
Production 
at 60 th day 
(g/Hill) 


30 DAT 

60 DAT 

Variety (V) 

Vi (ASD 16) 

30.50 

8 

11.43 

2.486 

64.00 

20 

5.738 

8.680 

V 2 (ADT 45) 

28.00 

8 

14.93 

3.137 

64.00 

20 

6.588 

9.231 

V 3 (ADT 39) 

27.50 

7 

17.93 

3.291 

63.00 

19 

7.295 

9.525 

V 4 (TPS 5) 

27.00 

7 

28.81 

2.814 

59.00 

19 

6.834 

9.067 

C.D (0.05) 

0.497 

0.446 

0.773 

0.143 

1.385 

1.268 

0.108 

0.306 

Fe Concentration (ppm) 

Fe 0 

30.00 

8 

41.25 

2.422 

61.00 

18 

6.017 

7.817 

Fes 

29.00 

7 

26.87 

2.602 

61.00 

18 

5.357 

8.166 

Fem 

29.00 

8 

16.50 

2.828 

62.00 

19 

5.567 

8.730 

Fe 25 

29.00 

8 

12.37 

3.118 

64.00 

19 

6.828 

9.410 

Fe 50 

29.00 

9 

15.25 

3.341 

64.00 

20 

7.971 

9.720 

Feioo 

28.00 

8 

11.62 

3.600 

67.00 

22 

7.735 

10.65 

Fe 2 5o 

27.00 

7 

9.750 

3.035 

62.00 

21 

7.527 

9.627 

Fe5oo 

24.00 

6 

12.62 

2.512 

59.00 

18 

5.906 

8.887 

C.D (0.05) 

1.179 

0.893 

1.042 

0.121 

1.123 

0.824 

0.217 

0.224 


CONCLUSIONS 

With respect to iron concentration, the biometric characteristics such as plant height. No. of productive tillers/hill. 
Specific leaf area and biomass production were decreased with increasing concentration of Fe in irrigation water. The 
higher concentration of 500 ppm Fe greatly reduced the plant height, tiller density, Specificleaf area and biomass 
production especially at 60 DAT than 30 DAT. This shows that the higher irontoxicity reduced the yield parameters of rice. 
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